UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

TECHNICAL GUIDE
SECTION IV

Fish Raceway or Tank (m, ft and mSIs,
ftils)

Definition

A channel or tank with a continudqs flow of water
constructed or used for high-density fish production.

Scope

This standard applies to raceways or tanks that con-
duct flowing water to produce fish. It applies to
earthen channels as well as those channels and
tanks constructed of concrete, concrete block,
timber, rock, fiberglass, or other materials. It does
not apply to hatchery operations that utilize troughs
or barrels and are primarily indoors.

Purpose

To provide a facnllty containing flowing water of a
suitable temperature and quality for dependable pro-
duction of fish; to manipulate the chemical, physical,
and biological factors to enhance fish ‘production,
and to maintain water quality.

Conditions where practice applies

Where water and land resources are suitable for con-
structing a raceway or tank that can be used to pro-
duce a commercial fish crop.

Planning considerations

The cooperator’'s objective as well as the limitations
and potentials of available aquaculture resources
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will dictate the level of development and manage-

‘ment to be planned. An aquaculture resource assess-

ment must be made to determine the feasibility of
the raceway or tank culture system. Planning Is com-
plete when all practice components- essential to
reaching the cooperator’s management objectives

and maintaining the water resource have been

identified.

Design criteria

The facility must be designed to provide protection
from flooding, sedimentation and contamination by
pollutants from outside sources.

.Fish raceways are generally constructed as 1) Im-
ear channels where water flows in at one end and ex-
its at the other end or 2) as circular, rectangular, or
oval tanks where water enters through nozzles or jets
in a manner that creates a rotary circulation within
the tank and discharge typically is through the tank
center by means of a standpipe or bottomn drain. The
raceway dimensions shall be designed based upon
the available water and planned production level.

Water reqitirements

A Quantity—A water supply of sufficient volume
must be available either by gravity or by pumping.
For linear raceways, there shail be a continuous in-
coming water supply to provide a minimum veloc-
ity of 0.015 m/s (0.05 ft/s) flowing at a minimum
average depth of 0.6 m (2 ft). This is approximately
two complete water exchanges per hour for a race-
way length of 25 to 30 m (80 to 100 ft). The water
volume shall be measured durmg penods of low
flow.

B Quality—Water must be free of harmful gases
minerals, silt, pesticides, and other pollutants A
water analysis shall be made before design and
construction unless previous- use or experience
indicates the quality is satisfactory. Water.quality
requirements for trout and camsh are shown in
table 1.
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398-2 Fish Raceway or Tank

Tabie 1.-——Woater quality requirements

Quality parameter Species

Trout Catfish

Dissolved oxygen— Desirable 8 ppmor - 5 ppmor

more more
Minimum 5 ppm 3 ppm
Temperature— Desirable 128 to 239 to

17.8°C 289°C
(55-64°F)  (75-84°F)

Minimum/
maximum  7.2/21.1°C 155/32.2°C
(45/70°F)  (60/90°F)

pH— Desirable  6.5-9.0 6.5-9.0
Minimum/
. maximum  6.0/9.5 6.0/9.5
Carbon dioxide— Desirable 2 ppm or 5 ppm or
less less
Minimum®/  0/3 ppm 0/10 ppm
maximum

'Toxicity varies with dissolved oxygen concentration and temperature

Linear Channel Raceways

Channel raceways are generally of two types: a) con-
crete or concrete block construction and b) earthen
channels constructed with a trapezoidal or parabolic
cross section. :

a) Concrete or concrete block raceways shall be
designed and constructed according to estab-
lished principles and techniques outlined in the

Natiomal Engineering Manual (NEM), AC! Code, ..

Masonry Handbook, or other approved guides as
appropriate. Where concrete or concrete block
raceways are installed, the. bulkheads or
checkdams must be of the same construction.

b) Earthen channel raceways shall be constructed
with a trapezoidal or parabolic cross section.
Bottom widths depend on the volume of water
available but shall be no less than 1.2 m (4 ft).
Side slopes shall be 1:1 or flatter depending on a
saturated soil siope stability analysis. Side

slopes and bottoms of raceways must be .

smooth and uniform to minimize dead water
areas.

Grade. Wherever possible, raceways shall be con-
structed with a minimum bottom grade of 0.15 m per
30 m (0.5 ft per 100 ft). The raceway outlet will control
the water surface grade.

Length. The maximum iength of each raceway sec-
tion is determined by site topography and need for
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re-aeration of the water but should not exceed 30 m
(100 ft). Depending on water volume and quality, race-
way sections may be constructed in series by install-
ing a bulkhead or checkdam at the lower end of each
section.

Freeboard. The minimum difference in elevation be-’
“tween the water surface-in the raceway and the top of -
the bulkhead, dike, or levee alongside the raceway is

0.15 m (0.5 ft).

Dikes and levees. The minimum top width of an
earthen dike or levee shall be 1.8 m (6 ft). Side slopes
of earthen dikes and levees above the designed
water surface shall be 2:1 or flatter. When the top of
the dike or levee is to be used for a road, the mini-
mum top width shalf be 4.3 m (14 f1).

Buikheads. Structural or earthen barriers called bulk-
heads are to be placed across raceway channels to
create shorter sections, to establish and maintain
the desired water levels, and to provide aeration of
the water. In addition to serving as a barrier, they
shall have an opening or throat section that allows
complete drainage to the bottom of the raceway
channe! unless other drainage facilities are provided.
Bulkheads may be construcied of earth, concrete,
concrete block, tock masonry, steel or other durable
metal, treated timber, or combinations of these.

Earthen bulkheads are to have a minimum top width

of 1.2 m (4 ft) and side slopes of 2:1 or flatter. Strue-
tural bulkheads used in earthen raceways must ex-
tend at least 61.0 cm (24 in) into the sides and bottom
of the channel. Concrete butkheads shall have a min-
imum top width of 15 cm (6 in) and a minimum bot-

tom width of 20 cm {8 in). Openings and cores in con-

crete blocks shall be filled with either concrete or
mortar mix. The opening or throat section of bulk-
heads may be constructed of concrete, concrete
block, wood, or metal. It shall have slots or grobves
along the vertical face that aliow flashboards and
screens to be installed. :

Drains. A pipe drain with a minimum diameter .of

15¢cm (6 in) shall be provided at the bottom.of the

bulkhead unless flashboards used to establish the )

desired water level can be removed to provide com-
plete drainage. Where possible, each unit in a series
should be constructed so that it can be drained inde-
pendently of the other units.

Screens. Screens shall be provided at the inlet of the

system if necessary to exclude wild fish. Screens
shall also be placed at each bulkhead between sec-
tions and at the exit end to prevent loss of fish. They
shall be placed at least 15 to 20 cm (6 to 8 in) up-
stream from the flashboards and shall extend at least
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15to 20'cm (6 to 8 in) above the expected water level
to prevent fish from escaping by jumping.

Aeration. Each bulkhead shall be fitted with a weir
overfall. Flashboards in the opening or throat section
of the bulkhead may be used for this purpose. The
width of the weir or weirs should be equal to the bot-
tom width of the raceway but shall not be less than
1.2 m {4 ft) where flashboards are used to establish
the desired water level. Two or more weirs separated
by rigid center sections shall be installed when the
width of the raceway exceeds 2.4 m (8 ft). To increase
aeration, a splash board or series of boards arranged
to create successive splashes shall be considered in
design. The minimum distance from the weir crest to
the water level below should be no less than 0.31 m
(1 1t).

Tank Raceways

Tank raceways are circular, rectangular, or oval and
are constructed of concrete, metal, fiberglass, or
other suitable material. Fiberglass and a variety of
similar materials commonly referred to as “plastic”
tanks are generally suitable if construction and sup-
port are sufficient to provide strength and durability.
Noncircular tanks must have an interior dividing wall
to obtain proper circulation. Tank raceways shall be
constructed at locations accessible to water sup-
plies, management personnel, and feed and harvest
equipment.

Water supply. Water inlets to the tank may be
through jets or nozzles or similar devices that provide
a tangential force to the water in the tank. These noz-
zles should be located above the water surface to
provide aeration. They may be submerged but should
not be near the bottom because of the problem of
uplift of waste particles. The nozzles shall be posi-
tioned so that flow in the tank is counterclockwise to
take advantage "of the natural tendency for water in
North America to rotate in this direction.

Waste removal. Provisions for waste removal shall be
incorporated in the design. Bottom troughs, screens,
or center-positioned drain pipe shall be provided as
part of the tank construction.
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Factors applicable to raceways and tanks

Predators. Fences, screens, nets, wires, or other
materials shall be provided as needed to prevent the
loss of fish to predators. Traps or other devices that
are potentially harmfu! for humans, tivestock, or pets
shall be placed oniy in secure locations not normally
accessible except through special effort.

Waste treatment. Plans for treatment or use of waste
that are generated or caused by the operation of fish
raceways or tanks shall be developed and made a
part of the design and installation of the practice.
The treatments will include the construction of
waste storage ponds, storage structures, treatment
lagoons, settling basins, or other facilities. Waste
utilization by the spreading of waste on tand through
irrigation or hauling is permissible if soils and land
resources are available. Discharges into streams
must meet state standards for the stream, based on
size of operation, and comply with National Pollutant
Discharge Elimination System (NPDES) reguiations. .

Protection. A protection cover of vegetation shall be
established on all exposed surfaces that have been
disturbed. If soil or climatic conditions preclude the
use of vegetation, other methods may be used for
protection. Adequate provisions must be made. to
protect earth surfaces from wave erosion. Fences
shall be installed as necessary. Road surfaces along
raceways and the outer perimeter of tanks shall be
treated as needed to provide access and reduce ero-
sion. Dikes and levees should be crowned to provide.
drainage.

Operation and maintenance

A plan shall be prepared that provides for inspection,
operation, and maintenance of vegetation, pipes,
valves, raceways, tanks, dikes, levees, bulkheads.
and other parts of the system. .

Plans and specifications
Plans and specifications for constructing raceways

and tanks and their appurtenances shall be in keeping
with this standard and shall describe the requirements

-for applying the practice to achieve its intended

purpose.
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Fish Raceway or Tank Specifications

Engineering specifications

Clearing. All trees, brush, logs, stumps, roots, loose
boulders, or other debris shall be cleared from the
raceway or tank construction area and from the area
where fill is to be placed for dikes or levees. If needed
to establish vegetation, the topsoil and sod shall be
stockpiled and later spread on the completed
surfaces. N

Excavation. All excavation necessary for the con-
struction of raceways, bulkheads, or tank foundation

and footings shall be performed in’'a workmanlike .

manner to the lines and grades shown on the draw-
ings or as staked in the field.

Fill placement. The material placed in the dikes or
levees shall be free of sod, roots, frozen soil,
bouliders larger than 15 c¢cm (6 in) in diameter, and
other objectionable material. The placing and spread-
ing of the fill material shall be started at the lowest
point of the foundation, and the fill shall be brought
up in approximately horizontal layers of such thick-
ness that the required compaction can be obtained
with the equipment used.

Compaction. The moisture content of the fill material
shall be adequate for obtaining the required compac-
tion. Construction equipment shall be operated over
each layer of fiil to ensure that the required compac-
tion is achieved. Earth fill placed in close proximity
to structures and pipelines shall be compacted using
hand tampers or manually operated power tampers
or vibrators.

Concrete. Concrete shall receive the detail in mix de-
sign and testing consistent with the size and require-
ments of the job. Mix requirements or necessary
strength should be specified. Type of cement, air en-
trainment, slump, aggregate, or other properties are
to be specified where necessary.

All concrete is to be placed, finished, and cured in
an acceptable manner. Reinforcing steel is to be
ptaced as indicated on the plans and held securely in
place during concrete placement. Subgrades and
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forms are to be installed to line and grade as shown ..
in the drawings, and the forms are to be mortar tight
and unyielding as the concrete is placed.

Concrete tanks shall have a minimum thickness of
15 ¢m (6 in) and shall be steel reinforced. They shall
have concrete bottoms. All interior surfaces shall be
smooth and treated with epoxy sealer or other suitable
material to permit sterilization. Washing new concrete
tanks with acetic acid is recommended.

Wood construction and metal fabrication. All un-
treated wood construction, metal fabrication, and
other miscellaneous materials such as screens,
flashboards, splashboards, and inlet structures that
are used in small quantities and are readily replace-

-able shall be’ of durable. quality. All fabrication of

materials will have a good workmanlike appearance.
Metal tanks will be assembled or instalied accord-
ing to manufacturers recommendations. The interior
surface will be painted or treated with an epoxy coat-
ing or other suitable material that will preserve the
metal and be compatible with fish culture. Where the
tank’s interior surface is rough or contains fiberglass
matting, it must be covered or sealed with an ap-
proved resin or sealer. '

Overall quality and workmanship. Construction oper-
ations shall be carried out in such a manner and se-
quence that erosion and air and water pollution are.
minimized and held within legal limits. All work will
be conducted in a skillful and workmanlike manner.

The completed job shail present a workmanlike ap-
pearance. Fencing and vegetative cover to control
erosion and pollution shall be established as needed.
Appropriate safety measures such as warning signs,
rescue facilities, guardrails, and fencing shall be pro-
vided as specified. o

Biology specifications guide

The practice specifications shall include the
minimum biological requirements of each aquacul-
ture species that is to be grown under these types of
culture systems. The limits of essential water quality
parameters shall be defined for each cuitured
species. :
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

TECHNICAL GUIDE NATIONAL
SECTION IV : _ ' SUPPLEMENT
398-Ns-1

Fish Raceway or Tank (m, ft, and m?¥s, {t3/s)
Planning considerations for water quantity and quality

Quantity

1. Effects on the water budget, especially on volumes and rates of runoff, infiltration,
evaporation, transpiration, deep percolation, and ground water recharge.

2. Effects on downstream flows and aquifers that would affect other water uses.

3. Effects on the volume of downstream flow that might cause undesirable environmental,
social, or economic effects.

Quality
1. Effects on the visual quality of downstream water resources.

2. Short-term and construction-related effects on the quality of the onsite and downstream
water. S

3. Effects on the movement of dissolved substahces below the root zone and toward the
ground water. '

4. Effects on wetlands and water-related wildlife habitats.

USDA-SCS~MT , : JULY 1989
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i } 398 - Fish Raceways
; '~ Montana Statewide

FISH RACEWAYS -

Standards

Definition: A channel with a continuous flow of water constructed to
produce fish. ‘

Purpose: To provide a water area with rapid exchangé of water for pro-
ducing fish. '

Where Applicable: On land where water resources and topography are
suitable for constructing a raceway.

Specifications for a given installation must conform to the preceeding
standards.

Design Criteria

I. Refer to Management Guide, '""Raceway Management for Trout in Montana'
for design criteria.

Environmental Criteria

I. Water should be from wells or springs, where possible, to prevent
disease and parasite contamination from wild fish populations.

II. Water quality for trout must be analyzed prior to comstruction.
‘Acceptable water quality criteria are as follows:

A. Temperature of water should be between 50 degrees Fahrenheit and
65 degrees Fahrenheit at the source; 70 degrees Fahrenheit is
maximum anywhere in the raceway.

B. Dissolved oxygen content - 100 percent saturation is preferable;
7 ppm or higher is necessary at the beginning of each raceway
section. At no time or location should the level fall below

5 ppm.

C. The pH of water should range between 6.5 and 9.0.

D. A water hardness of at least 50 ppm is necessary for successful
fish production. '

E. Waters should be free of pollutants, dgbris; sedimént, or harmful
gases,

-*II. Water quantity - one hundred gallons per minute (g.p.m.) is the
: minimum flow around which to develop a production unit..

USDA-SCS-MONT . May 1974



1v. Consult w1th the State Biologist durlng the plannlng phase prior to
design and construction, SE e

These specifications apply to SCS‘aﬁéEQtidns'in all current programs.
Specifications developed by Soil Conservation Seryice, USDA.

Concurred in: Montana Fish and Game Department

-
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USDA-SCS -MONT . May 1974
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Raceway management for

TROUT

IN MONTANA

A raceway is one type of rearing pond used in trout production. It is a rectangular or
trapezoidal channel of water which may be one of a stair-step series or by itself.
Water depth is shallow, thus the volume of water per unit of area is relatively small.
The design provides for a current of water moving through it at all times, thus giving
it the name "raceway."

Raceways are used for rearing trout where artificial food is supplied to produce more
pounds of fish than can be produced by the natural fertility of spring water.

Trout have the same physiological requirements regardless of whether they are being

reared in a stream, pond, or raceway. Refer to habitat management guide, "Pond
Management for Rainbow Trout in Montana," for trout culture in ponds.

WATER SUPPLY. A water supply of sufficient volume and suitable quality must be avallable
for rearing trout in a raceway. The water should not be warmer than 65 degrees
Fahrenheit at the source, thus allowing a 5~degree increase up to 70 degrees before the
water becomes undesirable.

Temperatures should be measured during the warmest time of the year, which is generally
from July to September. Warm surface water and water laden with silt should not be
allowed to contaminate the raceway water at any time. Hard water is best for trout
rearing and for rainbow trout it is essential. Better results are obtained when water
is kept on the alkaline side.

Springs, wells, and cold water streams are good sources of water. However, each of

them may have some undesirable features. The quality of any source of water should be
analyzed carefully for at least one summer's season before deciding to utilize it for

a trout raceway. Springs are generally very suitable in temperature, but some may be
slightly acid. Those coming from sandstone will be soft. Springs in limestone sections
will be hard water, but sometimes will receive wamm surface water from a sinkhole scme-
where along its underground course.

Wells will have about the same possibilities as springs, depending on the type of stratum

yielding the water. Well water usually has a high content of undesirable dissolved gases
and little, if any, oxygen. The gases can be released and oxygen instilled by aeration
before entering the raceway. Streams may be warmed too much by runoff from warm summer
rains--an always present hazard.

The base flow of a source of water should be determined. This is essential in
determining the potential development of the project. One hundred gallons per minute
(gpm) is about a minimum flow desired for a raceway. At the present time, it is believed
that it would not be practical to develop a production unit around a flow of any less
volume. Measure the volume of flow during the period of lowest flow. This will

normally be fram July through September with expected variations.

U. S. DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE : MT. 7-N-19000-49
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Frequently the most desirable site for a raceway is not in exactly the same spot as the
water source. Pipe is the best method of conveying watexr from the source (spring,
stream, or well) to the use area. A minimum rise of water temperature and loss of
volume is assured by this method. All pipe should be buried to a minimum depth of two
feet to avoid freezing, warming, or damage from cultivation. Do not use galvanized pipe.

TYPES OF RACEWAYS. The two raceways that receive the most emphasis at the present time
are: (1) the concrete or concrete block raceway, and (2) the earth raceway. (Detailed
designs of these are available. A copy of each is attached.)

The basic factors that will determine the carrying capacity or production of a raceway
are water volume, temperature, and oxygen. Other factors such as water quality, rate of
flow, rate of change, re-use of water, kind of fish and size of fish are also important
factors.

Concrete or Concrete Block Raceways. Masonry raceways have been used in rearing trout
for many years. They are the most expensive type of installation and all the food for
the fish has to be provided. However, in comparison to earth raceways, they make more
efficient use of water, are easier to keep clean, and less trouble develops with
-aquatic vegetation. The bottom of the raceway is more stable in presence of a current,
has better food distribution characteristics, and is easier to clean.

_See éttached standard plans for concrete and concrete block raceways for trout. Consult
SCS Engineering Handbook for any necessary structural changes in these plans.

Masonrxy raceways should be designed with a bottam slope of 0.5 percent and should not be
over 100 feet long., This is about as far as the water should travel before it needs to
be re-aerated by letting it fall at least six inches into another raceway. To increase
oxygen content, an overfall of six to 12 inches at 50-foot lengths may be desirable in
sites of lower gquality water or to better fit the contour of the land.

The water in a raceway need not be over two feet deep at the lower end, but may be as

much as three feet. Drop-boards for controlling the water level should be constructed
at the lower end of the raceway with a screen on the upstream side of the drop-boards.
Leave a 12- to 18-inch space between the screen and boards.

The width of the raceway will depend upon the volume of water available and amount of
fish to be produced. If full capacity is desired, design the width for a velocity of
0.05 feet per second. Calculate this velocity about halfway between the intake and’
outlet. Use the simple formula Q = AV; Q is the volume of flow in cubic feet per
second; A is the area of water in square feet at that point; and V is the velocity.
This is not too much velocity for young fish, but is enough to remove free swimming
Parasites. . The velocity of the water through the raceway can be increased by removing
control boards to make it shallower. This will be needed when.cleaning the raceway
frequently.

Earth Raceways. Earth raceways are cheaper to install but still require a section of
concrete for the water control structure. Earth raceways are apt to grow aquatic
vegetation and are more difficult to clean than concrete types.

Earth raceways should be constructed with 0.5 percent fall and with a trapezoidal shape.
The minimum velocity should be 0.05 foot per second, the same as masonxy or concrete
raceways. Use a minimum sized gravel or limestone aggregate of one inch to cover the
bottom, - ) i

The concrete control at the lower end of the raceway should have a throat as wide as
the bottom width of the raceway. The throat should be at least as long as it is wide.
This size of throat is desirable to provide an area of hard bottam to handle fish and
to provide good aeration for the next raceway below. At the top of the throat and at
the lower end, wing walls should extend at a 45-degree angle to the raceway into solid
ground or at least into the raceway banks. The lower end of the throat should be

:”l‘zﬂ.
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equipped with drop-boards for controlling water level and a scxeen. Leave a 12- to .
18-inch space between the drop-boards and the screen with the screen located
upstream from the boards. Construct by leaving slots in the concrete two inches
deep and 2-1/8 inches wide.

Heavy plastic could be used in the bottom and sides of earth raceways where there
is excessive loss of water due to seepage.

RACEWAY SIZES AND ESTIMATED PRODUCTION. Raceway size and production will vary with
the volume and quality of water flowing through the raceway. The exact carrying
capacity of any one area will have to be determined through experience with condi-
tions that exist at that site.

ESTIMATED ANNUAL TROUT PRODUCTION IN RACEWAYS

Maximum
1/ - ) 2/ Bottom Water

Water Supply =~ Annual Production ~ Width Depth

cfs gpm Lbs/100' Section (feet) (feet) Raceway Shape
0.3 135 . . 600 to 960 3 2 Vertical sides

: (concrete or block)

0.4 180 800 to 1,280 4 2 "

0.5 225 1,000 to 1,600 5 2 !

0.6 270 1,200 to 1,920 6 2 "

0.7 315 1,400 to 2,240 7 2 "

0.8 360 o 1,600 to 2,560 8 2 "

0.9 405 1,800 to 2,880 -9 2 "

1.0 450 2,000 to 3,200 10 2 "

0.7 315 1,400 to 2,240 3 2 Trapezoidal

0.8 360 1,600 to 2,560 4 2 2:1 side slopes
1.0 450 2,000 to 3,200 [ 2 "

1.2 540 2,400 to 3,840 8 2 "

1.4 630 2,800 to 4,480 10 2 '

1.5 675 3,000 to 4,800 4 N 3 Trapezoidal
1.8 810 3,600 to 5,760 6 3 2:1 side slopes
2.1 945 4,200 to 6,720 8 3 "

2.4 0 3 "

1,080 4,800 to 7,680 1

_1/ Average water velocity in raceway--0.05 feet per second or two water changes
per hour per 100-foot raceway.

;E/ Range of productionvl to 1.6 pounds per cubic foot of water, (The first
" column can also be read as static cubic feet.)

FISH MANAGEMENT. The size and total poundage to be produced will determine how
many fish to stock in a raceway. From the preceding criteria, determine the
estimated pounds of fish the raceway will produce. Divide this by the size (weight)
of fish desired and add 20 percent more to allow for expected mortality. This will
be the number of small fish to stock. Harvest the fish as soon as they have grown
to a harvestable or marketable size. N

There is a difference of opinion as to what size of fish to stock in a raceway.
Fingerlings two to three inches in size are cheaper to buy and easier to transport.

Fingerlings or fry for stoéking raceways can be purchased from commercial hatcheries.
To decrease transportation costs, small orders should be pooled.



Always use feed specifically prepared for trout. Good trout food is available from
commercial sources and can be purchased with or without antibiotics. Costs can be
decreased by large orders; therefore, it is beneficial to pool shipments wherever
possible. '

Rate and quantity of feeding will vary with the water temperature, size, and number
of fish stocked. Generally, trout fry should be fed about five times daily, small
fingerlings about four times daily, medium and large fingerlings two to three times .

- a day, and adults once or twice a day. Food should be fed in accordance with the
amount that the trout will consume promptly at one feeding. A daily feeding rate of
approximately three to five percent of the total weight of the fish may be used. In
other words, 100 pounds of fish would receive three to five pounds of feed per day.
Compute total weight of fish in the pond using the following table:

If length )

of trout is: 1" 2" 3" 4" 5n e" - " " 9" 10"
The number of )

fish per 1b.

will be: - 2500 300 90 40 20 12 7 5 4 3

Charts are. available from the Soil Conservation Service State Biologist which offer
guides for more precise feeding of various size groups of trout at different water
temperatures. When water temperatures go belcw 50 degrees Fahrenheit, trout tend
to taper off in feeding consumption;  decrease feed accordingly. Overfeeding can
create a water oxygen shortage because of decomposition of unused feed.

RACEWAY DISCHARGE PERMIT. Permits are now required by the Envirommental Protection
Agency for discharge of waters from commercial fish production facilities into
streams or waters which eventually reach a navigable stream. Application should be
made to the Environmental Protection Agency, Denver, Colorado.

PRIVATE POND LICENSE. A private fish pond license is required by the Montana
Department of Fish and Game prior to stocking fish in ponds or raceways in the
state.

USDA-Soil Conservation Service, Bozeman, Montana November 1973




2= LengbhOF Racsway . 2= Langth oF

, . . Variabla Variable ) L2 Varigble 26
e “Cetigth OF Trouq et . I
E e ey 6 Pra-molded Asphalt Joink Fillee | -l YePremolded Asphalt JoinkFiller .
SR ] s S| S &*& Drsp Boceds: ' 2 24a” Drop Boards
» N i vild : ) | 2'x 2V Keyway - -
e 1 L1~/ =g T 3 Y
L3 . T 4 -
1 . r L1 £ : r
9] || Scraen . ;z “Hawe steal strog: (i
¢ - 5 SECT|GN"A
i 5 i PR~ et B ey cananice e Wik ol Scrae. .
T ! Fobrie = I G olt-Embadded & £~ balow Topior] (sqw Dnhih":rhlsshecff e
TER{C TRBUGh Inlet/” & i OF Fioor ai5b T ! . B Sla am Wi
H JE‘T g H ol = "
lag [ pve-Wateraiop o B [ H-Pve - Waterstap 5
PLan . B . };} i
SHowiNg TROUGH INLET . . Showing Piee nier - ay B A
= _— . =
EHE - Y Warlided Wire Fabric W e
) Carbon Steel|
[ -moided Asphatt | . . Ve Pre-matded Aspholt ol
) ) Ve presmolded Asphett | Soint Filler F secTionwp e ©™

in 8
T1m3 | Minimum Splice 237 Minimum Splica’ | fif

8 8
I e .
B Congtraet ==
s o = | o B iTaiatop Eapansion Join] L
= _ o
_ . V‘C‘jn:ﬁ_z‘;",?qﬂj;m““ {tofrs e Qe rermh Weidad firw Foiteis ¢ — 2 e SRl |3 e et
N @™ %
. (SeeDelails This sheat) 1| v | yoidedWire Fomre Variable -_Variahle L Be
3 ! SecTion Avona & 1 Seemion Arong & . 66" #o Welded Wire Fabric
; Svowmna Taouan hueet ‘Srowing Piee IneeT SEcTien cC
! e ) E . BAR TvPES
. F ——
D e 1™ i ' <
‘ - t, Bohom widih Stamgur -
i T ’_31 . B Tyee-2
P . 4 : Nere: Miaimu
Y Ye" Hardware Clath e Banas To Be 4 Timas
: m ¥ :9 %h, Bar Diameter
T r AL
| = —f %’ 2 n.”—.‘é-
: e f = . ‘
. Bottom width +3 SecTion DO \m-'n/a Welded Wire Fabric

SecTion BE B Sgerion FF

DeETAILS OF SCREEN
QUANTITIES For RACEWAY
Borrom WinTh { VoLume OF ConcreTe In Cu.Yoa. .

‘Nore: Whan Bottom Width Excerads @~" -4 Reinforced
Concrete Post Shall Be Placed In The Center OF The
cawoy.Al Al Screen { brop board Sections

- FEET Wven 2= Lenats OF Racaway INFTL LS OF REINFORCED oNan-rs PosT
XX . ‘ IsSoOMETRIC VIEW
ELRE B - e T i
e . T St ructure 1s Symmetrical About & Stiownls TRsuen Inver
SRR Chamfier All Exposed Edges ¥4
s QUANTITIES FOR PosT !
- ot 0296 i -
TG, G561 0. 3% Q.18 Cu. Yds. Of Concrate B | - El‘%’:f.l!ﬁ:fﬂh?“h.’f’
- . Ya's6" Carbon—_| fm‘ wall Ine. or Equal. To Be Continuaus
EL DCHEDULE QUANTITIES FOR TROLGH Steet Plate - ¢1a=e°dao0:=m Araund Jaint
YA Note: ie Roda Approx. v tded Asphatt
o 3 & < b /2 Pra-mal Aspl r
ocaron MaadsizeDuslenarslTves] 3 T8 Torat I Borron Wrarloue OF Concmcre Gorbon steal _ | 4 Abova Concrate Tk ittar DeETAILS OF R.C.TROUT RACEWAY
aits St F TrRouaH(Wgly Cu. You. Per Lin.Fr) Welded At Joints P ) ! X U. S. DEPARTMENT OF AGRICULTURE
Fl i = IN-Feer  |OF TRovak InveT N Farme " Wall Or . S.
T T . . SeTEs And Corners Fioor siah SOIL CONSERVATION SERVICE .
Si 2t C.09285 - o
dewglls 8 3 . ’ N Mar Hné DM MSGil}_2-
-~ Rt v - o ek ) LT g'l‘ “‘ - DeTAiLSs OF PLaTE oo AL Martin DI MEGHE 203 e
- - u AL CoNSTRUCTION JoinT . DeTairs OF 7
y w.ﬁ C.16es, . ' e WaTepaTop Exmansion Jonr
!\\ Rainforcing Steal"4 8ars, Lin.Ft. Lbs. 51652 N&ve: Wataratop Expansion Joinis Shall Be
= Wt OF Steal = Lin. Ft.x . 668 Lbs. Per Lin.Ft Spacad A Maximum OF 200" Aport




. o Sz Langth OF Racewsa: _RzLangth Of. R
{ - i Variable .2 __Variotte e - - Varioble e
8 ~Canqth Of Trough Inlet |
Fiser Slab Projactioh . /.%;;_?Egsp : Eloar.Sish Projection 2%&" Drop Boards
-C : 18 - w [
/T 4] 1 w [ P
s 18 g w8
= T n o - ¥ 3
. . o e " : - _R.¢.Cap
n A [ oy n ot tes . 8% 0% 16 B%B1@" Concreta BIGEKWATS | | —Scraen £ Drop Board |
; ] 1 il Ex i Angla Concrate Block Walfs P : erene vlee ) Dzréﬁ.om.r?me), =
o | -Scraen Tg Ye'xe"Sleel Str = Detetla This | T;E
" : : X7 Waldad Wire Fabric 2.C.Floar Sioh
g—- — T '—'E— &= = — - ' § SECTION AA.
[ b e G Y ! Screan—t - I il R ) 1 I I
A [ 7 | TH17 Welded Wire rabric| (Saq ateile This Shoatl | 8| gEsGatvonied | . FITF etoed Wina Fasivic Screen a
. | ++++ ZBalowTop o ' olt Embedde +++4 & Balow TopOF (Saa Datails This Sheat) | . - -
.‘J A A—J i s Floar Sla : Floar Slab . : Botrom-Width -}
Goncrate’Block * ; %l i T DE [©
rous e H [ .
< h t re - R.C.Cap —
[ bl a-d Le ol ] €
111} P
Pran : PLAN TN > 3
Stowire TRouen fier’ SHOWING PiPE INLET § o '~
. B : AT ARGy o
iBonding Stael . K . LY Qee | [ale
I " . - g i Control Jaint g
€ - ¥e[pars Minimum Spclu::u:;; Contral Joint ﬁ?;.'r"pip. 0 C G Datans Iis Sheaf) &8s Walded Wire Fabric R.C.Floor Slab
, . o 7 D..c.cw"}? . (? BCCapy. (P? Solling~, D 3 Bar Miniman Spli 1'o” ‘ Seerion b
- i T T ¢ L T 1 § T T [T 1 P-T 1 i
| Block. 0 ol § T 1 1 - T 1 T Y Botlom widih___ &
N b I N 3 N Bl ke, B
X : - S Y § [ Feged pe.cap

= Ll int Expansion Joint N
S A Nalded Hire Fabric . L (BeeDelciaThis Sheei} Pl N
ce & i @eer Cancreate Blocks R N
i : Varigbla 26" - Varigble ze €us o
,\ - g - - - ' Welded Wira Fabric]
; SecTIoNALONG & SECYiGn ALoma &
4 X SHowine TREUEH INiET SHowing P1PE IneeT SecTionbb
s Botion width Bag TyeEs
; ; | e 2%E - >
i ! 2" . ! .;I_
——— I
- i £ s 7 <« | e SroaGHT
! & Yo' Hardware Clath . 9 2Wu2k v Anglesy) e e L
i : . o Iree2
: ! . |2 Vo sait . ‘— — ; Nera: Mimimum Qadius OF Al
: ! : rwing Nut — - . i %Iar;ds;% ) & Times
| i ar Diameter.
. il [ | -l - * Bpttom widh T )
! : Bottom Width =Je” - 0 Note: Frome To Ba Bolted To Side Valls - ! ;
S=xcTion D $To Canter Pant [ l:q.n:irad . \6 & ¥ Welded Wire Fabric
DETAILS OF ScmEEN DETAILS OF SUPPORT FRAME Norg, 2ECTION E€ SecTionFR
2ETAILS OF DoREEN i Requmen, - 'Wheh Bobom Widih Excaeds 6:0°- A Reinforced
' “Pr Ak, Loncrete Post Shall Be Dlaced In The Center 0 The

y At All Screen ¢ Drop Board Sections

. — QuUANTITIES For RACEWAY FLaoa -Each Side OF Raceway Haa 12 Blocks Par 4 Langth | R .
H [BoTTom WinTH | VaLUME OF ConcaaTtE IN Cu,Yos, | loncrate Cap For Blocke =0.0329 Cu.Yds , Par 4' Lendth Devans OF RemrForcen ConcreTe PosT
_InFy WHEM £ rLenarH Or Baceway In F1.| Concrala To Fill Cores = O.1H Cu.Yda. Per' 4’ Length
: :% AN Concrele For Cantar Post = 0.18 Cu.Yds  (Each) Duo-pvc Type G31aT Walerstop
: i 3 i 3 Manufaclured By W.R.Meadows
Structura ls Symmetrical About ¢ . Tne. T (¥
: ey Chamfer All Exposed Edges Y& ¢ Mg o Eques) Ta Ba Con o Jo
STEEL SCHEDULE __. AuanTITIES Fon TRowaH .. /VZ PWE‘:".":ﬁIEA:P""’“ By Raking 0t The Mortar
LocaTion [Mank]Size[Quan|Lenarh[Tvee] A | 6 | ToTar FT.] Borron Wiots | Vowums O ConcRets e £l Wi ot
Floor Siab fwaits | | [T T r-s [ & oo 10 Taouckw! | Pea, Lineaa Foat L & Floor Slab a
B.C.Cop E SF. . IN-FreT . |OF TRowaH INLET o ConcRETE Cong Fui
loor Slap £ Walls 3 4-0" 2 [RE=N EX=A 0.0556 2
& s
e - - SO : RuinrFoncina T | [DETALSTOF CONCRETE BLock RACEWAY.
Svaer W onpiycs
[Heodwall “R.C.Cap 3 g CARE] DETAILS OF - A ARTMENT
[Cantac =t T & [Fose 5o - SRYALS WaTERSTOD B ot ki Compouy U. 8. DEP. OF AGRICULTURE
oo ; - S (451 - ~ : SOIL CONSERVATION SERVICE
= - 0, 1G&T TauTRal JOT,
. QuUANTITIES fEoch Side Hda 3 Blacks Par 4 Length Nore: Walersiop Expansion Joints & Concrata -
| Reinforcing Stde!®2 Bbars L Lin.Fh Lbs, |Concrate CapFor Blocks =0.0329 Cu.Yds) Block g:na{_ql Joints Shall Be Spaced y
. . ; Reinforcing Steal*3 Bars _____Lin.Ft Lbs, |Par & Lendth " A Moxmde 0F 200" Apart - : - iamsneezen =
4 : "Wt OF * 2" Steal = LINFh&. 187 Chs. Par Lin. PL ‘F:’::::'CL':;:;\‘“ Gares 20.0123 Cul ) WayL Devaw o
’ J : WE OF™ 3 Skmal i Lin. FY.x.316 Lbs: Per Lin. Fk Stowine ContRor JomnT -{ M7-0-18747 ..

.




Notes,

/BN LExposed concrete edges shall be chomr-
\VELY, Fered 374 /nckh or rounded.
_ T 2. Reinforcing bar spocing /s cenrer
g 5 § 8t center
) 22
1 NI & b Iy & S N 3. The reinforcing stee! maf shall be
3 ‘& ~ 1 =W }3\ positioned jn Fhe cenfer of fhe sectron.
9 !_ 1T I 4 Reinforcing bars shall be conFinowus or
g\ | | | \ v sp/iced from Floor arnd walls tx/e ad-
~R LbL | | | ! N \g‘c’ Jacent floors, walls and foofirngs.
& . 44 LY .
NI ! [ : NIR & Bar splices shall be sfaggered wirh bors
. 3 ) | I i § lapoed @t /east /5 inches.
A Wy : . ' g A
VAN +— t - LN 6.Concrefe shall have & mrinsmum compress-
] 38 £ YT N X ViD, ive strength of fwenty-eight (28) days of
E.&“t N vl § Q g 3000 p.5.7. Alr-cntrdrning odmixfure spholl
R ) VIV FLOW i 8 :§ be wsed and FHe air comfent sholl e
N 4 " i b bertweer; fhree (3) ond six(6) percesnr-
o | QIR of the velurmre oF Fhe concrefe.’ Porfland
v t H t 9 cement shall be used and shHoll meef tie
\g\, : I| | : \3\ I . ;e gu}l_‘emeﬂnf: of ASTI Designation C-/50
L DN 44 < or Jype Z.
3 SR
!
§ i ! oo 4
I — ] e
8T iR
NI LR
, IR 24 2 AN
Q ) 3 Y
REB-N 9 Q
W 9 )
y . DIMENSION AND QUANTITY TABLE
i1/, Flow | Wiath |Trough | Apron | Focring|Concrere)
P | Depts () D(eg;‘ﬁ I.e(lz-g))“h P\(/Z:’/)‘ﬁ Va/an;le
ﬁN tad £t / ca. ydas.
2 deeo x 2/ "wide : 2 3 f; -fts 2/:.’7:‘5 4.87
7 Fben 44 rebors Screen zo724 (See oletar/) 2 P 3 4.5 2.75 EX-IE
op o7 bar @ /2/’;:.)6: ; g?’x 6" s/op logs 2 5 3 6.0 2 75 5 .76
cachnay— 2 8 3 8.0 2.75 6.76
,A/ar'er Surface, ‘ |L /' I 2 /0 3 /0 Z_ 2.75 ;g é
< t 3 z &£ 5. 3.25 .
s:0005 5 || L4 / | 3 6 4 6.0 3.25 5.09
- y 3 r: 4 8.0 3.25 9.17
Channe! bottom? |G Gt rs 3 /0 4 70.0 325 |/0.39
40" /.
Fbpafﬁon
K/
2 N
N )
. N i
j_ TR A T o VA
- U
T —— Ce&"Fve? T
TS repars @ /2. rfoc. cacéwq_y—)
SEcrson ’ :
Section or Detail.
,,‘I—i*—@—L-L . (AX -Shee? iwhere Secrtior
[ &'+ r "6 | ilZ, or Detail is shown.
f. Sheet where Sectiorn
Q| { es b or Detai/ was FaKen.
:O ¥ ] [ :
N 8" frllets MNo Scale
secrion @ DETAILS OF CONCRETE
- CONTROL ~EARTM TROUT
‘QD B 6" —_”—2" . kﬂ CENﬂ Y
= ;i U. 8. DEPARTMENT OF AGRICULTURE
Q| (Harrdsarel o Q . D ;
Clath L~ Ve bolt and (
' = : | wing nut ‘i::' SOIL CONSERVATION SERVICE
o ” ‘6’ ‘:. ate
w3 :EC T/ ON u” Desienad. C’Rh’ Dat Approved by AL, LA |
‘ TtesShntz Lnsearyallyn. £rgL )
Orewn CRL o T R Wit 5 ]
. Tine Statle Blalogibt |
raced e ] Sheet [Drawing No. B
DETAILS OF SCREEN Chocket o BBL oo Sz MT-0~18748-L
of




